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Abstract 

Old mining area of Pezinok – Kolársky vrch (Slovakia) is highly contaminated with 
arsenic and antimony. The highest contents of arsenic and antimony were 
determined in ochre sediments (up to 7698.1 mg.kg

-1
 of arsenic). Elevated 

contents of both metalloids were detected also in mining drainage waters (up to 

117.3 g.l
-1

 of antimony) and in soils (hundred mg per kg of soil or tailing 
material). However, contents of arsenic and antimony accumulated in roots and 
shoots of almost all plant species were very low. Only Alnus glutinosa was 

capable to accumulate max. 369.53 mg.kg
-1

 As and 188.96 mg.kg
-1

 Sb in its 
roots. Understanding arsenic and antimony accumulation in plants is necessary in 
order to alleviate problems with both metalloids in the environment and to 
improve sustainable arsenic and antimony phytoremediation technologies.  
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INTRODUCTION 

Occurrence and mobility of various potentially toxic elements is affected by 
numerous anthropogenic activities such as application of pesticides and 
fertilizers in agriculture, production of wastes, industry or mining. Old mining 
activities and burdens may significantly influence contents of toxic metals and 
metalloids in soils, sediments as well as vegetation. Pezinok – Kolársky vrch 
site with its two tailing impoundments, several piles and old mines is one of the 
old mining sites contaminating its surroundings especially by arsenic and 
antimony (MAJZLAN et al. 2007). POMORSKÝ et al. (2002) estimated that more 
than 10,000 tons of arsenic and several thousands of tons of antimony are 
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deposited on this impoundment. Both arsenic and antimony are considered to 
be toxic for plants, animals and humans and they are considered as pollutants 
of priority interest by the Environmental Protection Agency of the United States 
(U.S.EPA 1979) and the European Union (COUNCIL OF THE EUROPEAN 

COMMUNITIES 1976). In comparison with arsenic, little information is available on 
bioavailability, transformation, mobility and accumulation in the environment 
(FILELLA et al. 2002). The distribution and behavior of antimony and arsenic in 
the environment and their translocation into plant biomass has been studied by 
several recent researchers (FILELLA & WILLIAMS 2012, ROPER et al. 2012, 
BELOGOLOVA et al. 2015). Also, different techniques of treatment of soils 
contaminated with toxic elements are still developed and studied. 
Phytoremediation techniques have emerged as a potential cost-effective 
alternative to the conventional methods, which are usually expensive and 
environmentally invasive (OTONES et al. 2011). Among the different 
phytoremediation techniques, phytostabilization technologies seem to be more 
realistic than phytoextraction to treat highly contaminated sites (ÁLVAREZ-AYUSO 
2008). Naturally growing plants on arsenic- and antimony-contaminated sites 
could be used within natural attenuation processes, however, such plants 
should able to immobilize arsenic and antimony at root level, with low arsenic 
and antimony translocation to the above-ground tissues to be suitable for 
phytostabilization techniques. Otherwise, stabilization of toxic elements in root 
systems could be non-effective because such plant species exclude arsenic 
and antimony from their aerial parts (e.g. some Populus and Salix species 
(VAMERALI et al. 2009) as a part of natural vegetation of the Pezinok site). 
Moreover, there is no evidence that any of the plants identifying as arsenic (or 
antimony) accumulating plants is hyperaccumulator under the moderate climate 
conditions.    

The main objectives of this work are to perform the environmental 
characterization of soils, water and vegetation affected by the abandoned mine 
exploitation in order to quantify the accumulation of arsenic and antimony in 
plant biomass, and to evaluate the potential of natural vegetation for natural 
attenuation of the site. 

  
 

MATERIAL AND METHODS 

The Sb-Au-S deposit Kolársky vrch is located in the Little Carparhians near 
Pezinok town. The soil, water and vegetation samples were collected from the 
sampling points showed in Fig. 1. The sampling points B1-B5 are located below 
the impoundment near the mine Budúcnosť. The sampling points S2-S6 are 
located below the mine Sirková. Moreover, water samples from Blatina river 
were collected below upper and lower part of the impoundment and near the 
road and entrance to the mining area (not shown in Fig. 1). All samples was 
located by GPS.  

All samples were collected using standard methods (SOJÁK et al. 2002). Soil 
and water samples were collected in 2012 and 2014, plant samples were taken 
only in 2012. Soil samples were taken at the surface, the soil on which 
vegetation grows was removed and then the soil (tailing) sample with a 
thickness of 10 cm was taken. 
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Fig. 1:  Sampling points in Pezinok – Kolársky vrch mining site. B1-B5 – sampling 

points near the Budúcnosť mine, S2-S6 – sampling points below the Sirková 
mine. 
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A hand shovel was used to remove soil and to collect the solid material. Single 
samples were stored in plastic bags. Then, in the laboratory, all samples were 
air dried, sieved and homogenized. Water samples were collected into PE 
flasks, cooled using a portable refrigerator, treated by H2SO4 and immediately 
transported to the laboratory and then analyzed during few hours. pH in all 
water and soil (tailing) samples was also measured in situ by the field pH-meter. 
The most frequent plants growing on collected substrates were selected and 
several samples of each species were taken for identification and determination 
of arsenic and antimony in the roots and shoots (stems or/and leaves). All plant 
samples were washed with tap water to remove dust, then rinsed with distilled 
water and dried at 40 °C for 5 days to reach constant weight. Samples were 
separated into roots, stems and leaves and ground in a hand mill to 0.6 mm. 
Arsenic and antimony in all soil, water and plant samples were determined 
using hydride generation atomic absorption spectrometry (HG AAS). 

     

RESULTS AND DISCUSSION 

Contents of arsenic and antimony in collected soil, ochre sediment, water and 
plant samples from both sampling sites of the surroundings of the mines 
Sirková and Budúcnosť are shown in Tabs. 1 and 2. According to results, 
elevated contents of both arsenic and antimony are in all water samples (mine 
waters). Higher contents of both elements were detected in the samples from 
mine water of the Budúcnosť mine (Tab. 2). Very high contents of arsenic and 
antimony were determined in all soil samples. Ochre sample obtained from the 
sedimentation tank contained extremely high contents of arsenic and antimony. 
The differences between the years 2012 and 2014 are not significant. This is 
also the same in changes in pH values in both years – pH values almost in all 
samples are circumneutral, rarely slightly alkaline. In general, higher contents of 
arsenic were determined in soil samples if compared to antimony contents. 
Antimony contents in mine water from the Budúcnosť mine were two times 
higher than arsenic contents. The contents of arsenic and antimony in plant 
biomass were lower only besides their contents in the Alnus glutinosa roots 
from both sampling sites (surroundings of Sirková as well as Budúcnosť mines) 
(Tabs. 1 and 2). Higher accumulated contents of arsenic in the A. glutinosa 
biomass were found in comparison with antimony. However, contents of arsenic 
and antimony in leaves of A. glutinosa were low. Some researchers have found 
high contents of toxic elements in plants grown on contaminated soils from 
mining and smelting activities (LOREDO et al. 1999, FENG et al. 2013, REN et al. 
2014). LORENC-PLUCIŃSKA et al. (2013) found out that A. glutinosa are capable 
to grow in soils highly contaminated with Cu (1510 mg.kg

-1
) and Pb  

(490 mg.kg
-1

). They found out that after 158 days of growth in polluted soil, the 
total biomass and root nodule biomass of Alnus seedlings was similar as in 
unpolluted forest soil and A. glutinosa accumulated in its roots extremely high 
concentrations of Cu and lower concentration of Pb. BERGQVIST & GREGER 
(2012)   observed   low   accumulation   of   arsenic   in  shoots  of  A.  glutinosa 
(0.22 mg.kg

-1
 As in shoots, 60 mg.kg

-1
 As in soil) Although not significantly 

higher, contents of arsenic and antimony were also slightly elevated in biomass 
of Daucus carota, Carpinus betulus, Betula pendula, Saponaria officinalis, 
Populus tremula, Datura stramonium and Calamagrostis epigejos. 
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Tab. 1:  Contents of arsenic and antimony in soil, water and plant samples (Sirková 

mine surroundings, Pezinok – Kolársky vrch, Slovakia)  

Parameter S1 S2 S3 S4 S5 S6 

pH H2O 6.85 / 6.73 7.88 / 7.50 8.44 / 7.92 8.00 / 7.69 - 6.20 / 6.42 

As mg.kg
-1 

3.7* / 4.2* 553.8 / 
576.5 

419.8 / 
422.3 

216.6 / 
244.0 

7349.2 / 
7698.1 

319.4 / 
294.6 

Sb mg.kg
-1

 31.2* / 
28.4* 

112.0 / 
117.3 

102.1 / 
89.2 

108.4 / 
106.0 

219.3 / 
157.2 

117.5 / 
129.8 

Solidago sp. (S) - 0.087 / 
0.128 

- - - - 

Solidago sp. (R) - 1.967 / 
2.307 

- - - - 

Carduus vulgaris 
(S) 

- 0.012 / 
0.008 

- - - - 

Eupatorium 
cannabinum (S) 

- 0 / 0.053 0.004 / 0 - - - 

Eupatorium 
cannabinum (R) 

- 0.002 / 
0.125 

0.008 / 0 - - - 

Stenactis annua 
(S) 

- - 0.02 / 
0.001 

0.004 / 
0.012 

- - 

Stenactis annua 
(R) 

- - 0.177 / 
0.252 

0.014 / 
0.078 

- - 

Trifolium repens 
(S) 

- - 0.13 / 0.02 - - - 

Trifolium repens 
(R) 

- - 0.217 / 
0.036 

- - - 

Solidago 
gigantea (L) 

- - - 0.007 / 
0.001 

- - 

Solidago 
gigantea (R) 

- - - 0.214 / 
0.099 

- - 

Tanacetum 
vulgare (L) 

- - - 0.001 / 0 - - 

Tanacetum 
vulgare (R) 

- - - 0.009 / 0 - - 

Alnus glutinosa 

(L) 
- - - 3.26 / 

1.371 
- - 

Alnus glutinosa 

(R) 
- - - 369.53 / 

188.96 
- - 

Carpinus betulus 

(L) 
- - - - - 3.22 / 2.50 

Fagus sylvatica 

(L) 
- - - - - 1.90 / 0.98 

Comments: pH measurement and sample collection were realized in 2012 and 2014 (presented as 
2012 / 2014), otherwise measurements were realized only in 2012; S1-S6 – sampling points, S1 – 
outflow of mine water from the mine Sirková (water sample), S2-S4, S6 - soil samples, S5 – ochers 
from sedimentation tank; *in µg.l

-1
; plants were collected in 2012, L – leaves, R – roots, S – shoots, 

contents of As and Sb for each plant species are expressed as As / Sb in mg.kg
-1
 dry weight. 
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Tab. 2:  Contents of arsenic and antimony in soil, water and plant samples (Budúcnosť 

mine surroundings, Pezinok – Kolársky vrch, Slovakia)  

Parameter B1 B2 B3 B4 B5 

pH H2O 7.40 / 7.25 8.38 / 7.99 7.68 / 7.86 8.18 / 8.29 7.33 / 7.28 

As mg.kg
-1 

47.3* / 
52.7* 

668.2 / 
597.3 

335.8 / 
369.1 

416.8 / 
352.9 

219.3 / 
273.4 

Sb mg.kg
-1

 101.2* / 
117.3* 

128.3 / 
117.8 

158.1 / 
125.7 

109.6 / 
112.7 

98.6 / 158.4 

Solidago sp. (S) - - - 0.007 / 0 0.003 / 0 

Solidago sp. (R) - - - 0.028 / 
0.078 

0.012 / 
0.017 

Eupatorium 
cannabinum (S) 

- - - - 0 / 0.002 

Eupatorium 
cannabinum (R) 

- - - - 0 / 0.013 

Stenactis annua (S) - - - 0.036 / 
0.006 

- 

Stenactis annua (R) - - - 2.3 / 0.203 - 

Tanacetum vulgare (L) - 0.003 / 0 - - - 

Tanacetum vulgare (R) - 1.223 / 0.02  - - - 

Alnus glutinosa (L) - 2.981 / 2.17 - - - 

Alnus glutinosa (R) - 297.4 / 
45.09 

- - - 

Betula pendula (L)  - 2.31 / 3.009 - - - 

Betula pendula (R) - 12.78 / 
14.28 

- - - 

Saponaria officinalis (S) - 1.368 / 
0.587 

- - - 

Saponaria officinalis (R) - 6.357 / 
1.361 

- - - 

Daucus carota (S) - - - 1.12 / 0.879 - 

Daucus carota (R) - - - 7.521 / 
2.147 

- 

Populus tremula (L) - - - 2.58 / 0.98  - 

Populus tremula (R) - - - 8.107 / 
13.287  

- 

Datura stramonium (S) - - - 2.407 / 1.17 - 

Calamagrostis epigejos 
(S) 

- - - - 0.011 / 
0.057 

Calamagrostis epigejos 
(R) 

- - - - 1.982 / 3.3 

Comments: pH measurement and sample collection were realized in 2012 and 2014 (presented as 
2012 / 2014), otherwise measurements were realized only in 2012; B1-B5 – sampling points, B1 – 
outflow of mine water from the mine Budúcnosť (water sample), B2-B5 – soil samples; *in µg.l

-1
; 

plants were collected in 2012, L – leaves, R – roots, S – shoots, contents of As and Sb for each 
plant species are expressed as As / Sb in mg.kg

-1
 dry weight.       
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Because of low contents of arsenic and antimony accumulated in leaves (or 
shoots) as well as in roots of almost all collected plant species, it can be stated 
that vegetation of sites contaminated with arsenic and antimony near old mines 
are adapted to elevated contents of both toxic elements. Moreover, it is evident 
that use of natural vegetation in phytoremediation technologies in this area is 
not suitable besides phytostabilization of arsenic and antimony in roots of A. 
glutinosa. Also, none of the plant species translocated arsenic and antimony in 
significant amounts to their aerial parts, although, there is an evidence of such 
plants, e.g. Nicotiana glauca distributed 93.7 % of accumulated arsenic in the 
stem, leaf and flower (SANTOS-JALLATH et al. 2012).                

 
CONCLUSION 

According to obtained results, contents of arsenic and antimony in all soil, ochre 
and water sediments were elevated. The highest contents of both metalloids 
were determined in ochre sediment collected from the sedimentation tank near 
the Blatina River (up to 7698.1 mg.kg

-1
 of arsenic). However, accumulated 

contents of arsenic and antimony in leaves, stems and roots of plants collected 
from the sampling points near Sirková and Budúcnosť mines were very low. 
Only exception is the Alnus glutinosa species, which accumulated in its roots 
max. 369.53 mg.kg

-1
 As and 188.96 mg.kg

-1
 Sb.  
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SÚHRN 

Arzén a antimón vo vodách, pôde a rastlinách v okolí odkaliska Pezinok, 

Slovensko 

V blízkosti mesta Pezinok sa nachádza stará banská záťaž – odkalisko Pezinok 
– Kolársky vrch, na ktorom je deponovaný banský materiál s vysokými obsahmi 
najmä arzénu a antimónu. Tieto prvky znečisťujú aj okolité prostredie bývalej 
banskej oblasti.  

V práci sme identifikovali najvyššie obsahy As a Sb v okroch 
v sedimentačných nádržiach (do 7698 mg.kg

-1
 As a 219 mg.kg

-1
 Sb). Obsahy 

v okroch, pôdach a vodách boli analyzované v rokoch 2012 a 2014, pričom sa 
tieto v uvedených rokoch významne nelíšili. Rastlinný materiál (listy, stonky 
a korene bylín a drevín) 16tich rastlinných druhov bol odoberaný len v roku 
2012. Zvýšené obsahy As a Sb boli stanovené aj v pôdach a banských vodách 
vytekajúcich zo štôlní Sirková a Budúcnosť. Vegetácia v blízkosti odkaliska, 
štôlní Sirková a Budúcnosť však akumulovala vo svojej biomase (korene aj 
nadzemné časti) len nízke obsahy As a Sb. Jediný druh – jelša lepkavá (Alnus 
glutinosa) bola schopná akumulovať v koreňoch až 369,53 mg.kg

-1
 As a 188,96 

mg.kg
-1

 Sb. Avšak translokácia As a Sb do nadzemnej časti bola aj u tohto 
druhu nízka. 
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Na záver možno konštatovať, že autochtónna vegetácia v okolí odkaliska nie 
je vhodná na fytoremediáciu arzénom a antimónom znečistených substrátov; 
iba druh Alnus glutinosa by bolo možné využiť pri fytostabilizácii As a Sb 
v jeho koreňovej sústave. 
 

Kľúčové slová: Pezinok, odkalisko, arzén, antimón, vegetácia, fytoremediácia 
 

 


